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TI 的 ADAS 之 路 
截止 到 2016 年 12 月 , TDA 系 列 产品 累积 出 货 量 超过 4 千 5 百 万 片 
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Audio Amplifier 


Reconfigurable Digital Cluster 


with driver monitoring systems 


Rear Seat Entertainment 


Head-up display 


Including augmented reality proces 


EO 
ns on a 
SOM 


Feature-Rich In-Vehicle-Infotainment (IVI) 


Head Unit Co-Processor 


In-Vehicle-Infotainment with informational ADAS 
Including surround view (SRV), front and interior cameras 
processing, and driver identification systems 
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>> Click here for more info 


Texas In istruments strong history with sig nal processing 
ирне! sien "iti in the automotiv ге industry, 
ble 1 e leadi ng integrated digital 

iving solutions of the futu 
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ADAS 应 用 举例 


Front Camera Surround View Rear Camera 


Scalable Performance Integrate 3D Graphics Low Power Scalable performance 


Low Power Scalable Analytics Small Footprint MCU Integration 
Securit Scalable Analytics Safety 
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High Performance Small Footprint Performance 
Safety ISP Integration Scalable ISP Integration 
Security x Analytics Scalable Analytics 
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Common Software & Algorithm Investment 
Binary Compatible SW Across Cores 


Common SoC Architecture & Tools 


IEXAS INSTRUMENTS 

















ADAS 处 理 需 产品 路 标 


hud PRODUCTION 
PPAP 
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bad Front Camera 


Surround View 
Central Radar 
SRE | Rear View Camera 


= be Domain Controller 







Fusion 





| = Emerging Apps - CMS, 
TDA 4 Family БЕА Driver monitoring... 
—— т шы шыш Hn ши —X— ШШ ШШ — | 


ES Target: 2H 2019 


TDA4 V/F ECO 


Multicore А72 + RSF 

3D + 2D GPU 

C7x DSP + MMA 

ISP 7+, Vision HWA (MSC, remap..) 
LPDDR4 

Internal SRAM 

Safety MCU w/ Lockstep R5F 


TDA4 A ECO 


Multicores R5F I 
C7x DSP + MMA 

ISP 7+, Vision HWA (MSC, remap..) 
LPDDR4 I 
Internal SRAM I 
Safety MCU w/ Lockstep R5F I 


- TDA4 F/V (Fusion & Viewing) 
dp) I Multcore A72 + R5F 
2 30 + 2D GPU 
О Г TDA2/3 Family i! ISP 7+, Vision HWA (DOF, Stereo..) 
H i I - 2x 64b LPDDR4 
一 i I | 3-5MB Internal SRAM 
I Safety MCU w/ Lockstep R5F 

О! T 
О) | Т | ^ 

I I 一 
I - I 4xR5F 
2 I 1 C7x DSP + MMA (CNN) 
< TDA2x Plus ISP Family a ISP 7+, Vision HWA (DOF, Stereo..) 

; 1x 64b LPDDR4 

一 I TDA2x Famil 2596 Performance Lift I 2-3MB Internal 
<i ТЕТЕ e i 
Сә DSP: 2х C66x I I | Safety MCU w/ Lockstep R5F 
С) I ШУА SAR EVE Upgrade to CSI-2 4 lane | | — 

| Upgrade to CAN FD 1 ES Target: 2H 2018 
C vb HA ISP 6.5 Integration Т. 

Ideo: + TDA2Eco Family I 

> I ARM: 2x МА, A15 ЗУ ES: May 2017 | | 
< I DSP: C66x РӘ I 

| | 
> Graphics: SGX544 ү! 
CC Video: IVA+ I I 
O " 
LL. TDA3x Family TDA3x Plus i! 
СС I ARM: 2x M4 Upgrade to CAN FD | RC I - 
LLI I DSP: 2x C66x Upgrade Security (CR I 
eL i HW Accel: EVE & 1! 

| ISP 6.5 i! 

I 15/12mm PoP Pkg i! 
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Scalable, Safety, Security, Performance & Common Software 
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TDASx Plus Superset 


B Two DSP Cores: C66x™ 


Up to 900 MHz 
Floating Point Extension 


B Dual ARM Cortex™ MA Cores 


200 MHz 


B Vision Accelerator Core: EVE 


— Core has an 16MAC per cycle computing engine with up to 800 MHz (8bit or 16bit ) 


B Imaging Sub System with ISP 


- Full HW image pipe: DPC, CFA, 3D-NF, RGB-YUV, WDR, LDC etc. 


•  4x2.0M 30fps @305MHz 
* WDR, HW LDC & Perspective 


B Internal Memory 


DSP: 32 KB L1D, 32 KB L1P, unified 256 KB L2 Cache 
ARM : 32 KB L1D, 32 KB L1P, 64kB L2 Cache 
On Chip L3 RAM: 512kB with ECC 


WB Peripherals Highlights (1.8/ 3.3V IOs) 


B Saf 


Video Input Ports: Four 8 bit / Two 16 bit ports 

CSI2 

Display system Digital Video Output including SD-DAC 

One EMIF: 32bit wide DDR 2/3 or LPDDR 2 with ECC 

GPMC: general purpose memory controller 

Support for NOR Flash 

Gbit EMAC with AVB support 

1x CAN FD, 1x CAN 

Зх UART, 2x 12°С, 1x McSPI, Quad SPI, 8x Timers, WDT, GPIO 


ety & Security Support 
7 x Dual Clock Compare (DCC) 
Error Signaling Module (ESM) 
Run-Time BIST 
Memory Protection Firewall (MPF) 
Secure Boot 
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Changed from TDA3 
| High Speed Interconnect 


Parallel Video Input Port 
CSI2/HiSPI Interface 
Imaging Sub System / ISP | 
System Mailbox Module x2 | Display Sub System + VENC 
Spinlock Module x1 2x video, 1x GFX, 1 write-back 
| pipeline 





512kB L3 RAM w/ECC 


| IEEE pccx7 B. Esm Й теѕос 
System Services 


Latimer Ё ммо Ё prem J corrot module , 


Aon CAN 
EIE connectivity and 10 ogag 
= m3 nng 


B Power (-1.0V Core, 1.8/ 3.3V IOs) 
— Worst Case (9 125C Tj 2.0W at 745 MHz 2x DSP & 667MHz 1x EVE 
— Worst Case (9 125C Tj 1.5W at 500MHz 1x DSP & 1x EVE 


B Package 
— 15x15mm BGA, 0.65 mm ball pitch 
— 12x12mm BGA POP, 0.65 mm ball pitch (limited to 350MHz DSP/EVE) 
— Temperature Range: -40C to 125C Tj 
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TDA2 Plus Family — Superset 


Two DSP Cores: C66x™ 
— Upto1 GHz 
— Floating Point Extension 
— L1, L2 ECC 
Dual ARM Cortex™ A15 Cores 
— Upto 1.8 GHz — 12600DMIPS 
— NEON Vector Floating point 
Two dual ARM Cortex™ M4 Cores 
— 200 MHz 
Two Vision Accelerator Cores: EVE 


— Each core has ап 16MAC per cycle computing engine with ир to 900 MHz (8bit or 


16bit ) 
ISP Subsystem(ISS 6.5) 
— Compatible with TDA3x 
— Higher performance up to 450 MHz 
— 6x 2.0M 30fps @450MHz or 4x 2.5M 30fps (2380MHz 
Video Codec Accelerator 
— IVA-HD core running at up to 532MHz 
Graphics Engine 
— Dual SGX544 core delivering capability to render up to 665 MHz 
Internal Memory 
— DSPs: each w/ 32 KB L1D, 32 KB L1P, unified 256 KB L2 Cache 
— ARM:32KB L1D, 32 KB L1P, combined 2 MB L2 Cache 
— On Chip L3 RAM: 2.5MB with ECC 
Peripherals Highlights (1.8/ 3.3V IOs) 
— Upto 10 camera inputs 
一 Up to two Video input Ports, each with two 16 bit sub ports 
一 CSI-2 Ports, 1 two lane, 1 four lane 
— Display system Digital Video Output 
— Two EMIFs: 2x 32bit wide DDR2/3/3L 1333, one with ECC 
— GPMC: general purpose memory controller 
— Support for NOR Flash 
— PRU Subsystem 
— PCle, 2x Gbit EMAC with AVB support 
— 1x CANFD, 1x CAN 
— 10x UART, 5x PC, 4x McSPI, Quad SPI, McASP, 15x Timers, WDT, GPIO 
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| DDR2/3 32b 
System Services 


== 
ES Connectivity & IO 
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ARM A15 


System Mailbox System x13 
2.5MB L3 RAM w/ECC 


Bee fy IV 
PRELIMINARY 
Lis 28 nm | 


Video Front End 
3 Video Input Ports 
CSI-2 Ports 


Display Subsystem 


High Speed Interconnect 








<< 


C66x DSP 


Video Codec 
IVA HD 1080p 


SS 6.5 
Up to 450 MHz | Video 
Graphics Engine 
2x SGX544 
Programmable Realtime Unit 
SubSystem (PRU) 
um — 
CAN 





UART 12C 








B Two different 23x23mm BGA Packages 


— Version 1: Pin compatible with current TDA2x device with some interface limitations 
— Version 2: Full access to all new interfaces 
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Semantic Segmentation 语义 识别 


Semantic Segmentation (or pixel classification) partitions the image into 
semantically meaningful parts, and labels each part. 


TI Deep learning Library (TIDL) & Deep learning network (JSegNet) 
accelerates Semantic Segmentation using variety of public/custom networks 
trained with open source frameworks. 





> Semantic Segmentation Network with 41 Layer. Designed for 8 classes, | | uality 
trained for 5 classes (pedestrian, vehicles, roads, road sign, background) , fficiency 
calability 
High Efficiency & Low Power implementation — А imeToMarket 
> 270 Giga DLOPs/sec in less than 2.5W with 2*C66x DSP and 2*A15 
completely free 









| layer | 1| 23| 4,5] 67| 8,9]10,11] 12,13] 14,15] 16,17] 18,19] 20,21] 22,23] 2425, | | ; ,35| 36,37 Total Giga 
| LayerGDLOPS | 00| 9.5] 91|182| 9.1 9.1] 181| 9.1] 72.5 36.3] 91| 01| 91| 00| 91| 91| 91| 94| 01| 05] о.1 у, 
2 


Accumulated GDLOPS| 0.0| 9.5|18.6|36.8| 45.9| 64.0] 73.1] 91.2| 100.3| 172.8| 209.0| 218.1] 218.2| 227 2| 227.3] 236.3| 245.4| 254.5 | 263.6| 264.7| 2647 | 264.8| 265.4| 265.4 7: 


vehicles 
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TIDL 深度 学 习 库 E ИИ 


8: Inspiration 





e TI Deep learning Library 
(TIDL) 


Abstracts embedded 
development 


e 


+ jane 


э 
¢ COC 
theano ciple 
| TensorFlow Framework 
TIDL Network TI Deep 
Format conversion Learning Library 


TDAx 
Processof 


High Efficiency 
Implementation 


Platform Scalable 





e ТІ Device Translator Tool 


Enables development 
on Open frameworks 


SS TS ==. 
Push Button PC to 


Embedded porting 
High Efficiency 


Implementation 
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Accelerated Vision 


* Built-in Vison-optimized ISP 
* Built-in hardware image processing 
Power Management * HD Dense Optical Flow Security 
* Stereo Disparity 
e Simplified power solution for system 





* Dedicated security and device 











BOM savings | management processor 

* Optimized power domain partition High-performance 。 Secure-boot 
for key applications | HN e Trust zone support 
* Low power states Compute * Secure XIP from flash 
* 64-bit architecture 
Safety * Dual C7x DSP + MMA (Al) 
* Backward compatible to C66/EVE Software 

* Integrated lockstep R5F MCU with 。 Dual / Lockstep Cortex R5F 


safety island (600 DMIPs) 
e ASIL-A/B/C Enablement 


e Vision SDK modules & framework 


PN * Optimized kernel libraries to 
* BIST High-Reliability maximize SOC performance 


* ECC protection on all busses 
* Full-chip FMEDA * Extensive ECC coverage 
e AEC Q-100 compliant 
e Automotive and Industrial-grade 
POH 
* Low SEH FIT 11 


xjs.con ПППППП | 
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e OpenVX/CL enablement 








Ti SE Н А77 GHz ARB 39 OUS AS 


Automatic Emergency 


Adaptive Cruise Control Brake 


Lane Change Assist Blind spot detect 
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© 检测 物体 的 距离 、 速 度 和 角度 
EKHE 


ME — HE UE YEE 
IEG = у 
适应 雨 、 雾 、 灰 小、 光照 和 黑暗 Ф 
SKI f få 





穿 透 塑料 、 干 燥 墙壁 、 玻 璃 等 材料 
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当前 挑战 
精度 

尺寸 

ЭЖ 

上 市 时 间 
复杂 的 设计 
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Kilby Radar Test Chip 1 Test Chip 2 Test Chip 3 AWR1243 AWR1642 


160 GHz 77 GHz 76-81 GHz 76-81 GHz 76-81 GHz 76-81 GHz 
Single chip Module level Single Chip Single Chip 
Package variant 1 circuits Transceiver Radar 

Package variant 2 Final tune Production intent Production intent 
Embedded Model matching 

Antenna Sampling Now Sampling Now 


Field Trials PPAP Q1 2018 PPAP Q4 2017 


single chip 
embedded 
antenna 


Module level 
circuits 








> Tl working to launch mmWave sensors for Automotive and Industrial in May 2017 
> Re-naming devices from AR to AWR 
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Max operating 
frequency 


Logic integration 


A2D integration 
Wafer cost 
RF Power output 


Power dissipation 
— RF circuitry 


Power — data 
converters 


Power - logic 


雷达 制 成 技术 的 比较 






2100GHz 2100GHz 2100GHz 





Very High Medium 
(>>10X SiGe) 


Yes 













Lowest Medium 


=a 
po 
aa 


Medium/Low Medium 
Low Medium Medium 
Very Low Medium Е: 
Very Low Medium — MEE 
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推出 世界 上 极 精确 、 极 小 的 毫米 波 76-81GHz 传 感 器 
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ажи 
10.4 mm шау 
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10.4 mm 
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AWR1243 


mmWave Sensors 
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高 性 能 前 段 


AWR1443 


mmWave Sensors 
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IWR1443 


mmWave Sensors 
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AWR1642 


mmWave Sensors 
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IWR1642 


mmWave Sensors 
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76 — 81 GHz mmWave 雷达 芯片 





AWR1243 AWR1443 AWR1642 
Calibration, Calibration, R4F Calibration, R4F pé. 
4RX Monitoring ARX Monitoring Monitoring 
Engine Engine ius CAN Engine C674x CAN 
3TX Synth 3TX Synth 576KB + SPI 2TX Synth 1.5MB SPI 
А : - Crypt 
Il) TEXAS TEXAS [А TEXAS ble HIL 
INSTRUMENTS INSTRUMENTS INSTRUMENTS 
Radar Sensor Radar Sensor + HW Accelerator Radar Sensor + DSP 
* Use Cases * Use Cases * Use Cases 
— Imaging Radar Sensor — Entry-level Single-chip Radar — USRR Single Chip Radar 
e 2x AWR12 (cascade) + * Proximity warning, Blind spot e 160 Degree, 40m 
External DSP 
e 4x AWR12 (cascade) + - SRR Single chip Radar 
External DSP 。 120m Cross traffic Alert 
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目前 业界 最 高 精度 的 CMOS 雷 达 心 
助力 Level 2 以 及 更 高 级 别 目 动 驾驶 





Wide RF BW, Chirp | | Long-/Mid-/Short- 
linearity 智能 化 /Ultra-short- range 


e < 5cm range resolution 
e 0.01% chirp linearity 
汽车 级 封装 


Reliability, mass 
小 型 化 production 


Built-in Self monitoring ”这 
& calibration 
高 速度 和 远 距 离 Complex baseband 
探测 


| | Single chip, cost ; 
Wide IF BW optimized BOM, lower 
power 





e < 1° angular resolution 
e 300km/hr max relative velocity 
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汽车 雷达 传感器 IT 


中 长 程 雷达 
-— 4 Ее 





KARI 
自 适应 巡航 控制 
高 速 公 路 高 度 目 动 驾 驶 
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mmWave Sensors 





乘员 检测 
EB fen 
当 驶 室内 手势 识别 





当 驶 员 监 控 
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汽车 雷达 传感器 LIU 


超 短 和 短程 雷达 ө еш 
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ЕА 

防 后 方 碰撞 /警告 
车 道 变更 辅助 
行人 /自行 车 检测 
防 碰撞 

路 口交 通 警 报 
360 度 视角 
停车 辅助 
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从 用 和 餐 切 换 到 高 速 行驶 到 慢 速 机 动 
ЛЕ НГЕ 















AWR1243 4 


AWR1642 4 
45 тех. mmWave Sensors 
INS 
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中 远程 雷达 
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现 已 推出 


зс WN SK mA ATR LA 


参 


pru c 


mmWave 





通用 q 





TIDésigns 





Studio 


IWR1443 


AWR1243 mmWave Sensors 
mmWave Sensors IWR1642 


AWR1443 da Tex mmWave Sensors 


+» Tex mmWave Sensors 
INS if 





AWR1642 Bs ments 


她 Tex mmWave Sensors 
INS 
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中 国 市 场 光明 的 前 景 


2016 年 ， 我 国 汽车 产销 突破 2800 万 辆 ， 连 续 8 年 位 大 全 球 第 一 ， 其 中 
中 国 品牌 汽车 销量 占 比 50% 元 右 ， 


“有 #2020 年 ， 汽 车 DA (驾驶 辅助 ) 、PA (部 分 自动 驾驶 ) ‚ СА (有 
ЖЇН ЛЕД) 系统 新 车 装配 率 超过 50%， 网 联 式 芍 驶 辅助 系统 装配 率 
IKBI10%, CA SCH TH EK. $[20254E, ADA, PA. CA 


liens 03809, 其 中 PA、 CA 级 新 车 装配 率 达 25%， 高 度 和 完全 自动 
驾驶 汽车 开始 进入 市 场 。 


工信部 联 装 (2017) 53 号 
(2017 年 4 月 6 号 ) 
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